The synthesis of 2-carbonylindoles was achieved via a iodine-mediated cyclization of the corresponding enaminone precursors, which were formed by reaction of the α-arylaminomethylene carbonyl derivatives with N,N′-dimethylformamide dimethyl acetal (DMFDMA). An alternative and more efficient procedure consisted of a similar cyclization of the enaminones, but under solvent-free and grinding reaction conditions. In another iodine-promoted procedure, 2-carbonyl-3-dimethylaminoindoles were synthesized via a one-pot cascade reaction between the α-arylaminomethylene carbonyl derivative and DMFDMA.
Introduction
For many decades, considerable efforts have been invested in the synthesis 1 and 
Preparation of enaminones 3a-p
We found that increasing the temperature (to 120 ºC from 90 ºC) and the reaction time (to 12 h from 5 h) of the reported method for the treatment of 4a-p with DMFDMA 21 provided the respective enaminones 3a-p in higher yields ( Table 2 ). The latter were obtained as a single stereoisomer, whose (Z) geometry was established by nuclear Overhauser effect experiments, in which irradiation of the signal assigned to the methyl groups of the dimethylamino group of compound 3e produced an enhancement of the signals corresponding to the aniline ring. The preference for this configuration is probably due to the greater stability gained by the more efficient resonance effect of the planar π-conjugated enaminone system when the bulky dimethylamino group is located at the opposite side of the carbonyl group. This idea is confirmed by the X-ray structure of compound 3e (Figure 1 ), which shows that the enaminone acrylate system adopts a planar s-cis conformation, keeping the arylamine group orthogonal to this plane. X-Ray structure of enaminone 3e (ellipsoids with 30% probability).
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Preparation of indoles 1a-p
In recent years, molecular iodine has been extensively used as an efficient, inexpensive and nontoxic catalyst for a wide range of reactions under mild conditions. 23, 27 In the course of our studies, we have found that molecular iodine (I 2 ) efficiently promote the intramolecular cyclization of enaminones to afford benzofurans and benzothiophenes. 24 Therefore, we applied it to the cyclization of enaminones 3 to assist their annulation to the desired indoles 1. Different solvents (DCM, DMF and MeCN), bases and additives (K 2 CO 3 , Et 3 N, NaI) were evaluated, resulting in no reaction or low to modest yields (Table 3 , 1-7). The best results were obtained with base/additive-free conditions and MeCN (ACN) ( Table 3 , entries [8] [9] [10] [11] [12] [13] . It was found that the presence of electron-donating groups at the benzene ring of the anilino moiety greatly affect the reactivity of the process, as shown by the contrasting results between unsubstituted enaminone 3a and methoxy substituted enaminones 3b and 3c (Table 3 , entries 1, 9 and 11). Moreover, it appears that the carbonylic substituent of the enaminone also plays a role in limiting the efficiency of the cyclization, as evidenced by changing the methoxycarbonyl to the acetyl group (Table 3, entries 9 and 11-13).
Mechanochemistry (grinding reactions) has proved to be an efficient, versatile, and green source of energy to carry out diverse synthetic transformations. 28 Hereby, we have demonstrated that under these conditions compounds 4o-p can be obtained in high yields (Table 1 , entries [15] [16] . Therefore, with the purpose of enhancing the efficiency of the indole synthesis, we investigated the use of solvent-free manual grinding conditions for the conversion of enaminones 3 into indoles 1. Thus, the iodine-mediated cyclization of enaminone 3b, carried out by grinding a solvent-free mixture of these components for 6 min, led to indole 1b in quantitative yield (Table 3 , entry 15). The addition of potassium carbonate to the mixture substantially decreased the yield, even after grinding for 3 h (Table 3 , entry 16). Although the grinding method improved the yields of the cyclization of enaminones 3a-p to give the corresponding indoles 1a-p, the best conversion was still observed with the enaminones that possess either electron-donating groups at the appropriate position in the benzene ring of the aniline (Table 4 , entries 1-7), or the methoxycarbonyl group. Accordingly, moderate to low yields were observed in the case of enaminones 3i-j and 3m-n, and no conversion at all was detected with enaminones 3h and 3k-l (Table 4 , entries [8] [9] [10] [11] [12] [13] [14] . In contrast, the cyclization of enaminones 3o-p resulted in good yields of the corresponding indoles 1o-p (Table 4 , entries [15] [16] . In spite of some moderate or low yields, 29 the methods summarized in Table 4 are in general more efficient and regioselective than those previously reported with the assistance of Lewis acids. 21 Indeed, the methods with Lewis acids provide even lower yields for the conversion into the 2-acetyl indoles. Afterwards, iodine (1.1 equiv) was added and stirred for 24 h. Besides the desired indole 1a, which was obtained in very low yield (5%), the major product was quite unexpected and corresponded to 3-dimethylaminoindole 2a (Table 5 , entry 1). In the case of α-anilinocarbonyl compound 4i, a slight increment of indole 2i was observed with the reduction of solvent (Table  5, entries 2-3) . Indeed, the lowering or the absence of solvent favored the progress of the reaction enhancing both selectivity and efficiency. The reaction with 4j was more selective leading to indole 2j as a single product (Table 5 , entry 4), and the solvent-free process starting with 4b resulted in a high yield of novel compound 2b (Table 5 , entries 5-6). Table 6 summarizes the structures and yields of the prepared indoles 2a-n, employing optimized reaction conditions. As expected, the highest yields were obtained for the more activated substrates, 2b-c (Table 6 , entries 2-3). However, even for the non-activated substrates 4k-l, the respective indoles 2k-l were obtained, albeit in low yields (Table 6 , entries [11] [12] . Likewise, α-anilinoacetophenones 4o-p satisfactorily reacted to give indoles 2n-o, respectively (Table 6 , entries [14] [15] .
Among the series of 3-dimethylaminoindoles, 2d crystallized and its structure was established by X-ray diffraction crystallography (Figure 2 ). In contrast with an enaminone structure, such as enaminone 3e (Figure 1 ), the conformation of the dimethylamino group is not coplanar to the indolyl ring (C(2)-C(3)-N(4)-C(5) = 144.02 (19) ) and methoxycarbonyl group conjugated system. The latter is completely coplanar to the heterocycle (torsion angle N(1)-C(2)-C(14)-O(16) = -0.6(2)º). Although the distance (N(1)-O(16) = 2.506Å) and the angles between the atoms involved are not appropriate to form a hydrogen bonding, the oxygen atom of the ester group adopts a conformation that directs it towards the NH moiety. This conformation seems to cause sufficient steric hindrance to twist the dimethylamino group out of the plane of the ring. We were also able to obtain crystals in the case of indole 2m. This was analyzed by X-ray diffraction crystallography (Figure 3) . Like indole 2d, in which the carbonyl group adopts a planar conformation with respect to the plane of the indole ring, in 3-dimethylamino indole 2m the acetyl group maintains similar coplanarity. The dimethylamino group adopts a conformation out-of-plane to the heterocycle, which is probably due to the steric hindrance generated by both the acetyl group and the naphthyl moiety of the benzoindole skeleton.
Most of the series of enaminones 3a-p, indoles 1a-p and 3-dimethylaminoindoles 2a-o were colored oils or solids, which were fully characterized by spectroscopy. Assignment of the signals of the 1 H and 13 C NMR spectra was supported by 2D (HMQC and HMBC) experiments.
Figure 2. X-Ray structure of indole 2d (ellipsoids with 30% probability) Figure 3 . X-Ray structure of 3-dimethylamino indole 2m (ellipsoids with 30% probability)
Reaction mechanism for the formation of indoles 1a-p and 3-dimethylaminoindoles 2a-o The effectiveness of iodine as the mediator in the cyclization process for the formation of indoles 1 and 2 appears to be associated with its aptitude to coordinate the oxygen atom at the carbonyl group 27, 30 and the conjugated double bond of the enaminone moiety. 31 However, we previously provided evidence that other species derived from iodine, such as structurally unknown HI/I 2 associated species or HI 3 , 32 were mainly involved in promoting such cyclization during the syntheses of benzofurans and benzothiophenes. 24 A similar mechanism can be proposed for the formation of indoles 1 and 2 (Scheme 3). These iodine-associated species, [I], can then be coordinated to the carbonyl group (intermediate A) of enaminones 3 promoting the polarization of the enaminone system (intermediate B) and favoring the attack of the aryl ring to yield the heterocyclic species C. Rearomatization of the aryl ring and elimination of the dimethylamino group of the latter, probably as a protonated species (thus forming a more favorable leaving group), will lead to the indole product 1. In contrast to this pathway, with the one-pot procedure, iodine species can be modified to generate a competitive iodine-π coordination species D, which undergoes the annulation process towards the iodinated intermediate E. The aromatization of the latter by an HI elimination to furnish the 3-dimethylamino indoles 2 is probably facilitated by the presence of methoxy ions and polar DMF, which are formed in the first step by the decomposition of DMADMF. Although this mechanism is supported by a thorough study on the preparation of benzofurans and benzothiophenes, 24 it cannot be ruled out that there are further
[I]-intermediates derived from or stabilized by the coordination with the nitrogen atom of the aniline.
Scheme 3.
Proposed mechanism for the formation of indoles 1 and 2.
Conclusions
We have provided a detailed description for the iodine-mediated preparation of the series of substituted 2-carbonylindoles 1a-g, 1i-j and 1m-p by cyclization of the corresponding enaminones 3a-g, 3i-j and 3m-p. A shorter one-pot two-step procedure starting from the α-anilinocarbonyl compounds 4 afforded the series of novel 3-dimethylaminoindoles 2a-o. The latter outcome may have resulted from the in situ formation of an iodinated π-intermediate, generated by the intervention of iodine or HI/I 2 species. Interestingly, among the diverse procedures for the optimization of these synthetic approaches, we found that the assistance of a mechanochemical energy source was useful and efficient for the preparation of 2-anilinoacetophenones 4o-p, and for the solvent-free intramolecular cyclization of enaminones 3 to the indoles 1.
Experimental Section
General. Melting points were determined with an Electrothermal capillary melting point apparatus. IR spectra were recorded on a Perkin-Elmer (Spectrum 2000) FT-IR spectrometer. 1 H (300 or 500 MHz) and 13 C (75.4 or 125 MHz) NMR spectra were recorded on Varian Mercury-300 or Varian VNMR System instruments, with TMS as internal standard. Mass spectra (MS) and high-resolution mass spectra (HRMS) were obtained, in electron impact mode (EI) (70 eV), on Thermo-Finnigan Polaris Q and Jeol JSM-GCMateII spectrometers, respectively. The X-ray crystallographic structures were obtained on an Oxford XcaliburS diffractometer. Analytical thin-layer chromatography was carried out by using E. Merck silica gel 60 F 254 coated 0.25 plates, visualized by long-and short-wavelength UV lamps. Flash column chromatography was performed over silica gel (230-400 mesh) from Natland International Co. (N.C. 27709, USA). All air moisture sensitive reactions were carried out under a nitrogen atmosphere using ovendried glassware. Acetone was dried by distillation after treatment with potassium permanganate, followed by a second distillation over anhydrous sodium sulfate. Acetonitrile was freshly distilled from molecular sieves (4Å), prior to use. 2-Bromoacetophenones 6c-d were synthesized and their spectroscopic data compared with those previously described.
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General Procedure for the synthesis of the arylaminocarbonylic compounds 4a-n Methyl 2-(phenylamino)acetate (4a). To a mixture of aniline (5a) (1.000 g, 10.75 mmol), anhydrous K 2 CO 3 (1.78 g, 12.9 mmol) and KI (1.96 g, 11.8 mmol), methyl 2-bromoacetate (6a) (1.81 g, 11.8 mmol) in dry acetone (5 mL) was added at room temperature and under N 2 atmosphere. The mixture was stirred at 60 °C overnight and then filtered, and the solvent was removed under vacuum. The residue was dissolved with 50 mL of CH 2 Cl 2 , and washed with a saturated aqueous solution of NaHCO 3 (2 × 15 mL). The organic layer was dried (Na 2 SO 4 ) and the solvent removed under vacuum. The residue was purified by column chromatography over silica gel (30 g 
Methyl 2-(3-methoxyphenylamino)acetate (4b)
. 34 The procedure for 4a was followed, with 5b 
1-(Phenylamino)propan-2-one (4h)
. 35 The procedure for 4a was followed, with 5a (1.000 g, 
1-(3-Methoxyphenylamino)propan-2-one (4i)
. 21 The procedure for 4a was followed, with 5b 
(Z)-Methyl 3-(dimethylamino)-2-[(4-methylphenyl)amino]acrylate (3d)
. 21 The procedure for 3a was followed, with 4d (0.100 g, 0.56 mmol) and DMFDMA (0.100 g, 0.84 mmol), affording 3d (0.07 g, 55%) as a blackish-red oil. R f 0.34 (EtOAc 1-(4-Fluorophenyl)-2-[(3,5-dimethoxyphenyl)amino]-3-(dimethylamino) prop-2-en-1-one (3p). The procedure for 3a was followed, with 4p (0.100 g, 0. C-3a) , 123.4 (C-4), 126.0 (C-2), 138.0 (C-7a), 158.9 (C-6), 162. 
(Z)-3-[(4-Chlorophenyl)amino]-4-(dimethylamino)but-3-en-2-one (3l
)51.8 (CO 2 CH 3 ), 55.5 (CH 3 O), 93.7 (C-7), 109.2 (C-3), 112.3 (C-5), 121.8 (
Methyl 4,6-dimethoxy-1H-indole-2-carboxylate (1c)
. Method A was followed as for 1a, with 3c (0.100 g, 0.36 mmol) and I 2 (0.100 g, 0.39 mmol), affording 1c (0.077 g, 92%) as a white solid. Method B was followed as for 1a (except that grinding was for only 6 min) with 3c (0.100 g, 0.36 mmol) and I 2 (0.100 g, 0.39 mmol), affording 1c (0.083 g, 99%) as a white solid. Intensities were corrected for Lorentz and polarization effects. No absorption correction was applied. Anisotropic temperature factors were introduced for all non-hydrogen atoms. Hydrogen atoms were placed in idealized positions and their atomic coordinates refined. Unit weights were used in the refinement. Details of data collection and refinement for these crystals are listed in Table 7 and CIF files, which include bond distances and angles, atomic coordinates, and anisotropic thermal parameters. 
Methyl 1H-benzo[g]indole-2-carboxylate (1f
